1. Introduction
===============

Tuberculosis is an airborne infectious disease caused by *Mycobacterium* tuberculosis, which is one of the leading causes of infectious deaths attributed to a single micro-organism worldwide.^\[[@R1],[@R2]\]^ The World Health Organization (WHO) estimates that approximately 10.0 million people developed tuberculosis, and 1.6 million people of tuberculosis in 2017.^\[[@R1],[@R2]\]^ Therefore, tuberculosis remains a major global health threat and more efforts should be made to improve its treatment. At present, antituberculosis treatment depends on the combinations of bactericidal and sterilizing drugs to prevent the development of drug resistance.

Drug-resistant *Mycobacterium* tuberculosis strains were first recognized soon after the introduction of streptomycin in 1944 and subsequently, drug resistance to other TB medications was proved.^\[[@R3]\]^ The emergence of drug-resistant strains of *M tuberculosis* has complicated tuberculosis control and undermined the objectives of the WHO\'s End TB Strategy (95% reduction in deaths due to TB and a 90% reduction in TB incidence rate by the year 2035 compared to 2015). Multidrug-resistant tuberculosis (MDR-TB) is defined as *Mycobacterium* tuberculosis strains with in vitro resistance to the 2 most effective antituberculosis drugs, isoniazid (INH) and rifampin (RFP).^\[[@R4]\]^ Treatment of MDR-TB remains difficult because of the high costs,^\[[@R5],[@R6]\]^ long-term treatment, and frequent adverse events.^\[[@R7]\]^ In the case of these disorders, the success rate of treatment of MDR-TB is less than 70%.^\[[@R4],[@R8]\]^

Fluoroquinolones were found to have good inhibitory effect on *Mycobacterium* tuberculosis,^\[[@R9],[@R10]\]^ which inhibit the superhelix of DNA and destroy the DNA replication of *Mycobacterium* tuberculosis through interfering with DNA gyrase.^\[[@R11],[@R12]\]^ Nowadays, many guidelines have recommend that later-generation fluoroquinolones should be utilized for MDR-TB patients, including moxifloxacin, levofloxacin, and gatifloxacin. Ciprofloxacin is no longer recommended because of its low efficacy compared with other fluoroquinolones.^\[[@R13]--[@R15]\]^

Moxifloxacin has good pharmacokinetic profile (serum half-life of 10--12 h), few problematic drug--drug interactions, no need to adjust the dose of kidney and liver insufficiency, and a satisfactory safety profile in short-term use of up to 3 weeks in the treatment of community-acquired pneumonia, sinusitis, and intra-abdominal and complicated skin and soft tissue infections.^\[[@R16]--[@R18]\]^

To date, there are no meta-analysis to evaluate the efficacy and safety of moxifloxacin for MDR-TB treatment. Hence, we systematically reviewed all articles that compared moxifloxacin to levofloxacin or other conventional therapy, and performed this meta-analysis of the available data to evaluate the effect of MDR-TB treatment with moxifloxacin.

2. Method
=========

The manuscript has been prepared according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines for protocols.^\[[@R19]\]^ Ethical approval was unnecessary in this study, because it was a meta-analysis of existing articles, and no individual patient data were handled.

2.1. Search strategy
--------------------

A systematic search was conducted on Pubmed, Embase, Ovid, Google Scholar databases. The search terms were as follows: "Moxifloxacin," "tuberculosis," or "pulmonary tuberculosis" and their synonyms or similar words (from their inception to August, 2019). Searches were limited to English and were first screened by 2 independent reviewers. Furthermore, reference lists of all included researches and related comments were searched manually to find other possibly eligible articles.

2.2. Inclusion and exclusion criteria
-------------------------------------

For inclusion, articles were chosen on the basis of the following standards: MDR-TB confirmed by the clinical diagnostic criteria (at least 2 or more first-line drugs resistant to isoniazid and rifampicin). Study design was limited to retrospective studies, randomized controlled trials, or prospective cohort studies; the control group was treated with other drugs or no moxifloxacin.

Studies were excluded if: allergic to moxacin; combined with other diseases; they were performed in pediatric patients (≤18 years old); pregnant and lactating women; abstracts, letters, case-control studies.

2.3. Assessment of methodological quality of included articles
--------------------------------------------------------------

All articles satisfied the inclusion criteria were estimated to evaluate the danger of bias for each outcome. The evaluation was conducted independently by 2 comments using the Cochrane Collaboration\'s risk of bias tool as depictive in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins JPT, Green S. Cochrane handbook for systematic reviews of interventions, version 5.1.0. 2011, <http://handbook.cochrane.org/>). If there is any disagreement in the evaluation study, we will discuss it. The results of the assessment measure the following areas: random sequence generation, allocation concealment, blinding, incomplete outcome data addressed, free of selective outcome reporting, and other possible sources of bias. The consequences of the meta-analysis were comprehended as the results of the study on the risk of bias.

2.4. Data extraction
--------------------

Data collection and analysis were carried out in accordance with the standard Cochrane protocol.^\[[@R20]\]^ Two authors independently reviewed and extracted the following data from every study: study design, study year, participants number, age, treatment success rates (The cured and completed treatment categories were defined as treatment success), sputum culture conversion rates, and adverse effects.

We attempted to find and exclude duplicate data from different studies. For multiple studies of repeated or overlapping data (by population, time, location, and results), we follow the PRISMA reporting guidelines when submitting manuscripts.

We attempted to identify and exclude duplicate data from research studies presented in separate publications. For cases in which we identified multiple studies with duplicated or overlapping data (by population, time, place, and outcome). We followed the PRISMA reporting guidelines in the presentation of our manuscript.

2.5. Statistical analysis
-------------------------

Meta-analysis was performed with the Cochrane Collaboration\'s Review Manager Software (RevMan, version 5.1.). Odds ratio (OR) with 95% CI was performed to evaluate the treatment success rate, sputum negative conversion rate, and adverse effect rate. Heterogeneity was evaluated by I square test. Random effects model was used if heterogeneity was significant (I^2^ \> 50%). When heterogeneity was not detected or the heterogeneity was relatively small, fixed effects model was performed.

Funnel plots were used to evaluate the potential of publication bias. These charts showed the intervention effect of each research on the respective standard error. Symmetrical plots reveal no bias and any asymmetry of the plot would imply publication prejudice. Results were considered statistically significant at *P* \< .05.

3. Results
==========

3.1. Literature selection and bias
----------------------------------

In total 80 potentially related researches and abstracts were identified (Fig. [1](#F1){ref-type="fig"}). After removal of repeats (n = 24) and filtration of abstracts (n = 56), 12 full-text researches were evaluated for eligibility. Four studies were excluded for the following: nondrug resistant tuberculosis (n = 2), drug-sensitive tuberculosis (n = 2). Eight^\[[@R21]--[@R28]\]^ publications were ultimately eligible for final meta-analysis. No more citations were found from the reference review.

![Flow chart showing results of the literature search and study inclusion.](medi-99-e20648-g001){#F1}

The detail of the risk-of-bias evaluation of included researches was summarized in Figure [2](#F2){ref-type="fig"}. All researches were evaluated as low risk according to appropriate randomization sequence. However, much relative information in the studies was not available, such as allocation concealment and blinding of participants and personnel, blinding of outcome assessment. Nevertheless, the overall methodological quality was generally fair, because random sequence generation and other possible sources of bias were evaluated.

![Risk of bias assessment in randomized trials and single-arm studies. Green indicates low risk of bias, yellow indicates medium risk of bias, and red indicates high risk of bias.](medi-99-e20648-g002){#F2}

3.2. Intervention characteristics
---------------------------------

The included articles were performed between 2002 and 2016, involving 1447 patients of whom 680 underwent moxifloxacin containing regimens and 767 underwent levofloxacin or conventional therapy regimen. Among them, 5 reported treatment success rate; 2 reported sputum culture conversion rate and 5 reported adverse effect. The detail features of the meta-analysis studies are presented in Table [1](#T1){ref-type="table"}.

###### 

Main characteristics of the studies included in the meta-analysis.

![](medi-99-e20648-g003)

3.3. Treatment success rate
---------------------------

The cured and completed treatment categories were defined as the success of treatment, and 8 studies reported the short-term mortality. The random-effects model was used to calculate the overall OR and 95% CI due to the detection of significant heterogeneity (I^2^ = 50%). The overall OR was 1.94 (95% CI 1.16--3.25, *P* = .01; Fig. [3](#F3){ref-type="fig"}), suggesting that when combining moxifloxacin containing regimens, the rate of treatment success was significantly enhanced than applying the levofloxacin or conventional therapy regimen.

![Forest plot of studies assessing treatment success rate after treatment for MDR-TB.](medi-99-e20648-g004){#F3}

3.4. Sputum culture conversion
------------------------------

The analysis of sputum culture conversion was accomplished at the endpoint of 2 or 3 months of treatment. Two studies were included. No significant difference of sputum culture conversion rate (OR = 1.15; 95% CI = 0.82--1.60; *P* = .43; Fig. [4](#F4){ref-type="fig"}) was found between the moxifloxacin-containing regimens and control group, with no heterogeneity among the studies (I^2^ = 0%; heterogeneity *P* = .54).

![Forest plot of studies evaluating sputum culture conversion after 2 mo of treatment for MDR-TB.](medi-99-e20648-g005){#F4}

3.5. Safety
-----------

There was no significant difference in the increased risks of gastrointestinal trouble (OR = 1.28; 95% CI = 0.98--1.68; *P* = .05; Fig. [5](#F5){ref-type="fig"}), hepatotoxicity (OR = 0.91; 95% CI = 0.64--1.30; *P* = .6), dermatologic abnormalities (OR = 1.11; 95% CI = 0.74--1.67; *P* = .62), and vision change (OR = 1.47; 95% CI = 0.74--2.89; *P* = .27) between the moxifloxacin regimen and levofloxacin or conventional therapy group.

![Forest plot of studies investigating adverse events during treatment.](medi-99-e20648-g006){#F5}

Begg funnel diagram was used to evaluate the publication bias of articles. The shape of the funnel plot showed no evidence of significant asymmetry. The finding indicated that there was no publication biases may effect the consequences of meta-analysis (Fig. [6](#F6){ref-type="fig"}).

![Funnel plot detailing publication bias of the literatures.](medi-99-e20648-g007){#F6}

4. Discussion
=============

Moxifloxacin, the fourth-generation fluoroquinolone, has good antibacterial activity against both gram-positive cocci and gram-negative bacteria, which has a broad spectrum of antibacterial activity, especially against respiratory pathogens.^\[[@R29]\]^ The bactericidal activity of moxifloxacin is mediated by inhibiting DNA gyrase (topoisomer ase II) and topoisomerase IV, which are essential enzymes for bacterial DNA replication, transcription, repair, and recombination.^\[[@R11]\]^ DNA gyrase is encoded by *gyrA* and *gyrB*, and topoisomerase IV is encoded by *parC* and *parE*.^\[[@R12]\]^ Moxifloacin binds strongly to both DNA gyrase and poisomerase IV, thus reducing the occurrence of bacterial drug resistance.^\[[@R30]\]^ Nowadays, more and more researches have been focused on the application of moxifloxacin in the treatment of TB. Many meta-analysis and review articles have evaluated the efficacy and safety of moxifloxacin in the treatment of nondrug resistant or the initial therapy of tuberculosis. Ruan et al^\[[@R31]\]^ have summarized the clinical trials of moxifloxacin- or gatifloxacin-containing regimens and carried out a meta-analysis to assess the efficacy and safety of moxifloxacin or gatifloxacin in the treatment of drug-susceptible TB. The results showed that moxifloxacin or gatifloxacin might not be able to shorten treatment duration in the initial therapy for tuberculosis, despite their equivalent or even slightly better efficacy in early phase of treatment compared with the standard regimen. Furthermore, it is safe to include moxifloxacin or gatifloxacin in initial tuberculosis treatment. Xu et al^\[[@R32]\]^ comprehensively investigated the efficacy and safety of moxifloxacin plus recommended regimens compared to recommended regimens alone for the treatment of TB. The meta-analysis suggests that the introduction of moxifloxacin into the recommended regimen for the treatment of nondrug resistant tuberculosis improves the clinical outcome by elevating the culture conversion rate and reducing the recurrence rate.

Current guidelines recommend that later-generation fluoroquinolones should be used for patients with MDR-TB.^\[[@R1],[@R15]\]^ Many clinical studies have explored the efficacy of moxifloxacin in the treatment of multidrug resistant pulmonary tuberculosis. Chien et al^\[[@R22]\]^ proved that a significant proportion of ofloxacin-resistant MDR-TB isolates were susceptible or had low-level resistance to moxifloxacin, indicating that patients with ofloxacin-resistant MDR-TB benefit from treatment with moxifloxacin. Jang et al^\[[@R24]\]^ have demonstrated that, compared with levofloxacin, moxifloxacin did not show superior efficacy when incorporated into multidrug regimens used for the treatment of MDR-TB. To date, there is no meta-analysis to evaluate the efficacy and safety of moxifloxacin for MDR-TB treatment.

In this meta-analysis, 8 studies with a total of 1447 patients were finally eligible for the final systematic review and meta-analysis. Moxifloxacin regimen was related to a significantly elevated treatment success rate compared with levofloxacin or conventional therapy regimen (OR = 1.94; 95% CI = 1.16--3.25, *P* = .01). No significant difference of sputum culture conversion rates (OR = 1.15; 95% CI = 0.82--1.60; *P* = 0.43) and AE were found between 2 groups.

Among patients with pulmonary tuberculosis, conversion of serial sputum cultures from positive to negative is a surrogate indicator of treatment response. Culture conversion after 8 weeks of treatment is a widely used indicator of treatment effectiveness tuberculosis.^\[[@R33],[@R34]\]^ The results show that the conversion rate of sputum culture in the 2 groups is similar, which may be due to the insufficient number of participants. It is well known that the recruitment and retention of participants in the MDR-TB trial is challenging.^\[[@R35]\]^

Adverse events did not differ between the 2 groups. The most common adverse events were related to the gastrointestinal system, hepatotoxicity, dermatologic abnormalities, and vision change. All adverse events of moxifloxacin have an acceptable safety profile that allows it to be used in studies of treatment of MDR-TB tuberculosis.

However, some potential limitations needed to be pointed out: our meta-analysis was restricted to publications in English language, those published in non-English-language journals or those reports did not included, which probably reduce the precision of combined estimates of treatment effects. The results of this meta-analysis were based on studies with relatively small sample sizes and, therefore, should be interpreted cautiously. More well-designed and large-scale randomized controlled clinical trials should be conducted for further analysis.

Pooled analysis demonstrated that the addition of moxifloxacin to the recommended regimen significantly increases the rate of treatment success in the treatment of MDR-TB, with no additional adverse events. Further research could increase confidence in the effect estimates and clarify the influence of potential confounders or effect modifiers.
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